This paper analyses the distribution of root systems of nine dwarf apple rootstocks (M.9 T 984, M.9 T 337, Jork 9, Mark 9, Budagowski 9, M.9 EMLA, Pajam 1, Pajam 2 and Supporter 4). All rootstocks were grafted with apple cultivar Granny Smith. The study was performed in the experimental orchard established in the Prespa region (Resen, R. Macedonia). The experimental orchard was established in 2004, with a planting distance 3.5 m x 1.5 m. At the end of the 7 th growing season following characteristics were evaluated: length and weight of the fine (fibrous) and coarse roots, and depth distribution of the root system. Among the evaluated rootstocks statistically significant differences in total length of the fine roots were not found. Between different rootstocks the results for total length of coarse roots showed more variability. In general, even 89% of the total length of root system belonged to fine roots, and the highest percentage (35%) was located at depths of 20 to 40 cm. Trees grafted on Mark 9 rootstock had the highest value for total root length, while the smallest values were registered on those grafted on Pajam 1 rootstock. Trees grafted on Supporter 4 rootstock had the greatest weight of the root system, while the smallest one was found on rootstock Budagowski 9.
INTRODUCTION
The root systems of fruit trees have a heredity-determined pattern. However, the some environmental factors like soil, climate, presence of a shallow hard rock or groundwater, as well as the cultural practices applied, can induce important changes in the root system distribution in soil [1] [2] [3] .
Knowledge of the quantity, quality and distribution of roots is useful in agricultural production to provide information on the location of fertilizer application, tree spacing, intercrops, soil management and irrigation [4] . The development of root system is primarily affected by its origin (rootstock and variety combination), soil and climate conditions, and applied cultural practices. Atkinson et al. [5] and Atkinson [6] point out that the length of root systems of apples directly depends on the planting distance and the type of the rootstock.
According to Fante Júnior et al. [7] the assessment of such factors as the volume of soil explored, root length and root activity is a difficult task, and great difficulties are encountered in any sampling technique, including the time spent, limited information obtained and great variability of results. According to Vasconcelos et al. [8] a perfect method for evaluating roots does not exist because the suitability of a method for the evaluation of the root system depends on the in situ conditions.
The ratio between the tree root system and the aerial system in grown fruit trees is relatively constant within the same soil, regardless of the cultivar and rootstock. In general, the tree root is approximately 25-30% of the total tree mass in intensive orchards [9] , and most of the roots are distrib-uted within the 25-100 cm depth in temperate climate and mineral soils [10] .
According to De Silva et al. [11] the main component of the root system of trees are fine roots (diameter < 2 mm) through which trees made the absorption of water and nutrients.
The objective of this study is to show the effects of various dwarfing apple rootstocks on distribution of the root system of Granny Smith apple cultivar under the specific conditions of the apple growing region of Prespa, South-Western Macedonia.
MATERIAL AND METHODS
The research was carried out in the experimental orchard located in the South-Western part of the Republic of Macedonia (Region of Lake Prespa). According to Scheffer's and Schachtschabel's classification, the soil is a texture class clay loamy soil, which is characterized by a very suitable texture. The root system distribution of the rootstocks M.9 T 984, M.9 T 337, Jork 9, Mark 9, Budagowski 9, M.9 EMLA, Pajam 1, Pajam 2 and Supporter 4 was evaluated using the scion cultivar Granny Smith. The trees were planted in 2004 at a spacing of 3.5 m × 1.5 m and were trained to slender spindle system. The experiment has been arranged in randomized block design with four replications of five trees per plot. The orchard is equipped with drip irrigation system. The study was carried out in 2010 (the 7 th growing season). The development of root system, its length and weight was determined by digging of the model trees, according to the method of trench. From each different rootstock, 4 representative trees with similar vigor of the crown were selected. From each tree the digging of ¼ of the total predicted area of the root system, differently positioned, was done. The size of the trench was 1,25 m  0,75 m, or a half of the distance between rows and a half of the distance between the trees. The distribution and development of the root system were followed at 3 different depths: from 0-20 cm; 20-40 cm and 40-60 cm.
The differences between rootstocks were evaluated by ANOVA analysis through General Linear Model (GLM) procedure. After GLM analyses, post hoc comparison of means was calculated by LSD. Results were expressed at the P < 0.05 level of significance.
RESULTS AND DISCUSSION
In Table 1 and Figures 1 and 2 , the data of the length and distribution of the root system in the evaluated rootstocks are given. By analyzing the data on the length and distribution of the root system in the evaluated rootstock (Table 1, Figure 1 , Figure 2 ), it can be concluded that there were no statistically significant differences in the total length of the fine roots between the evaluated rootstocks. The largest length of the fine roots was recorded in the rootstock Mark 9 (23947.2 cm), and the lowest in the rootstock Pajam 1 (15270.4 cm). A greater variability between rootstocks was observed in the length of the coarse roots (> 3 mm). The highest value for the total length of coarse roots was measured in the rootstock Supporter 4 (3617.6 cm). It was statistically significantly higher than in the rootstock Budagowski 9 (1017.6 cm). Values followed by the same letter in a column were not statistically different according to LSD test (P < 0.05).
In all the examined rootstocks, the largest length of the fine and coarse roots was recorded at a depth of 20 to 40 cm, with average values of 7993.1 cm, and 1417.6 cm, respectively. It is in line with the results of Arsov [11] who examined the distribution of the roots of the Jonagold apple variety grafted on M9 rootstock.
An exception to this statement is the data for the fine roots of the Mark 9 rootstock. The root length at the depth from 0 to 20 cm was greater in relation to the length at the depth from 20 to 40 cm ( Figure 1 ). These data correlated with literature data that indicate a shallow development of the root of this rootstock and its susceptibility to drought. According to the data on distribution of different types of roots in different soil depths ( Figure  3) , it can be concluded that even 89% of the total length of the root system belongs to the fine roots and the largest percentage of them (35%) was located at a soil depth of 20 to 40 cm.
The data on the weight of the fine and coarse roots of the evaluated rootstocks, depending on the depth of the soil layer are given in Table 2 . In all evaluated rootstocks the highest weight of the fine roots was registered at soil depths between 20 and 40 cm, except in the rootstock Mark 9 where weight of the fine roots in the first soil layer was higher. The highest total weight of the fine roots was found in Jork 9 rootstok (347.9 g), while the smallest one was found in Pajam 1 rootstok (182.3 g). Statistically significant differences between the rootstocks concerning the total weight of the fine root were not detected.
Expectedly, the highest weight of the coarse roots in all evaluated rootstocks was found at the depth of the soil layer from 0 to 20 cm, which on average was 349.8 g. According to the total values, the Supporter 4 rootstock had the highest weight of coarse roots (1344.4 g), statistically significantly higher than those in the Budagowski 9 rootstock, which had the lowest value (146, 7 g) for this parameter.
According to Arsov [12] , the total weight of the fine roots in M9 rootstock grafted with Jonagold apple variety growth on the planting distance of 4  1.5 m was 573.6 g, and of the coarse roots it was 2397.4 g. This data correlates with the data obtained in this research. Values followed by the same letter in a column were not statistically different according to LSD test (P < 0.05). 
CONCLUSIONS
The mass and the length of the root system, and its horizontal and vertical layout are important elements in determining the planting distance, as well as for applying agro-technical measures in the orchard.
Between the nine economically most important rootstocks evaluated in Prespa region statistically significant differences were not found . The highest root length in all investigated rootstocks was found at the soil depths between 20 and 40 cm. An exception to this is the root system of the trees on Mark 9 rootstock where the highest length was found at the first soil depth (0-20 cm). Total root lengths were the highest in the trees on Mark 9, Supporter 4 and Jork 9 rootstocks, while the lowest values were registered in the trees on Pajam 1 and Budagowski 9 rootstocks. The trees grafted on Supporter 4 had the highest weight of coarse roots, while the lowest one was found in the trees grafted on Budagowski 9 rootstock. Беа евалуирани следните карактеристики: должина и тежина на обрастувачките (влакнести) и скелетните коренчиња и дистрибуција по длабочина на кореновиот систем. Анализирајќи ги добиените податоци, заклучуваме дека помеѓу испитуваните подлоги не постојат статистички разлики во вкупната должина на обрастувачките коренчиња. Во резултатите за вкупна должина на скелетните коренчиња е забележана поголема варијабилност меѓу подлогите. Во принцип дури 89% од вкупната должина на кореновиот систем отпаѓа на обрастувачките коренчиња, а највисокиот процент (35%) коренчиња се наоѓаат на длабочина од 20 до 40 cm. Овошките на подлогата Mark 9 имаат највисока вредност на вкупната должина на коренот, а најмалата оние кои се пресадени на Pajam 1. Овошките на подлогата Supporter 4 имаат најголема тежина на кореновиот систем, додека најмала тежина имаат тие на Budagowski 9.
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